Abstract-In project D.R.E.A.M.S., we propose to develop and assess the feasibility of a novel and intelligent delirium prevention system to address depression, pain, sleep, activity patterns and emotional states using the Emotiv Epoc+ I 14
I. INTRODUCTION
In this paper we will examine the ways in which the processes of therapy and rehabilitation are being changed through the influence of new media technologies.
More specifically, we will analyze the emergence of VR and its potential uses in being paired with the brain EEG readers (eg.
Emotiv Epoc+ 14 RRG set), as one of the outcomes of the increased use of technology in medicine. Thus offering an opportunity for long-stay hospitalized patients to experience an interactive and engaging reality.
Our hypothesis is that the patients will respond positively to a video game based medical intervention. We will compare the effect of interventions with different types of serious games on the change in pain perception, sedative use, sleep quality and congnitive performance compared to the baseline assessment.
We propose the following specific aims: Aim 1. Assess the effect of serious video games on the pain perception and the need for sedatives. We will examine the association between pain perception and gaming experience in delirium patients. We hypothesize that playing highly immersive games will help lower the awareness of pain and decrease the need for sedatives, which are the risk factors for the development of delirium.
Aim 2. Assess the effect of serious video games on the quality of sleep -We will observe the quality of patients' sleep after playing highly immersive yet calming video games.
We hypothesize that playing calming video games will improve the quality of sleep Aim 3. Determine the change in cognitive performance after playing serious video games. We will test the patients' cognition performance during their stay at the ICU unit. We hypothesize that playing structured games will support brain 978-1-5090-5482-4/17/$31.00 ©2017 IEEE activity in a manner that will prevent cognition deterioration.
The expected outcome of this research is a new cost effective system to address the prevention of delirium in ICU patients. The proposed system has the potential to improve patient outcomes and decrease hospitalization costs, as well as to decrease the life-long complications and costs by the implementation of proper intervention.
II. SERIOUS APPLICA nONS OF GAMES, SIMULA nONS, AND VIRTUAL WORLDS
Interactive environments are nothing new in the field of medicine. For decades, if not centuries, doctors have used simple games to facilitate patient recovery. But are these new virtual worlds effective as a means of therapy? Are they just a current fad, or do they present the way of the future?
The early evidence, both anecdotal as well as scientific [1] , suggest that the interactive virtual environments work. Based on the initial research it seems as if the interactive virtual environments are changing the way in which the patients are treated, and that those exposed to it are having a measurable and concrete increase in recovery time.
But Why?
Based on the studies conducted to date, there seems to be a consensus that the highly interactive virtual environments indeed do improve the patient recovery process [1] . However, it is still not clear why it is so. We propose three different arguments, all of them based on games and interactivity. emotional stake in the experience, only then does our brain release the chemicals in the amygdala and hippocampus necessary for memory [1] . It is our body's mechanism that decides which data is relevant and to be transformed into memorized information versus which data is to be discarded. This is why it is easier for us to remember a good novel versus a bad textbook. In school, we often learn the best when there is a presence of fear of the upcoming test. The very emotional involvement in these situations is what makes us engage better in what we experience.
In combining the context and emotional involvement, many have argued that failure is necessary to learn [2] . Thus, creating medical intervention paradigms in which failure is safe, is of the essence to recovery. Games are exactly such environments, which allow for experimentation and failure in a structured and safe format. Current delirium assessment methods are time consuming and resource-intense, need to be administrated by a trained nurse, and are not able to detect the onset of delirium in real time.
Developing a method for automatic detection of delirium can reduce incidence, severity, and duration of delirium in ICU patients. Additionally, using a data driven approach has the potential to advance the field by providing a low cost delirium detection method. Patients who are deemed to be at risk could receive lifesaving interventions.
A. Architecture of Be] Systems
There are three major physical components in BCI system. For Signal Processor and Device Receiver, we plan to use a VR-ready laptop as signal processor and device receiver. The
Emotiv EEG neuroheadset provides a wireless USB that can be plugged into a PC for receiving EEG data from the neuroh ead set.
IV. METHODOLOGY -PROCEDURES, FEASABILITY, AND TIMELINE
We plan to prospectively enroll 60 critically-ill patients (20 with hypoactive delirium, 20 with hyperactive delirium and 20 without delirium). Patients will be matched using severity illness scores at the time of ICU admission and will be monitored using our system, for up to 72 hours. The delirium types will be diagnosed using gold standard psychological scales including CAM-ICU, Delirium Rating Scale-Revised-98, Memorial Delirium Assessment Schedule, and Delirium
Motor Subtyping Scale. Self-report health data is obtained via the "Patient Reported Outcomes Measurement Information System" (PROMIS) measure.
Step 1 -Perform patient intervention by engaging the ICU patients with the Virtual Reality content. A series of serious games will be deployed, the patients' responses will be measured and the resulting data will be analyzed for future iteration and improvement. Evaluate the effects of the patient intervention.
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Step 2 -Develop a serious game with a strong commercialization potential, specifically aimed at lowering the development and effects of delirium. The game design will be dictated by the scientific results from Aim 1.
Step 3 -Develop an integrated data collection platform for sensor data, self-reported data, and ERR data. Delirium was recognized in our cohort with a prevalence of over 50%, which again highlights the importance of developing novel techniques that can lower the occurrence rate of delirium.
V. CONNECTING THE DOTS
Our hypothesis is that the patients will respond positvely to a video game based medical intervation. Furthermore, our hypothesis is that they will respond the strongest to the VR based experience.
We intend to perform the following testing, divided into five groups: Evaluating these five test groups will give us the initial data in regards to the success of various technologies in treating delirium. Based on the initial results, we will be further developing the most promising technologies. The goal is to arrive to scientific evaluation of the specific types of medical intervetion: mobile games vs. VR vs. Emotiv. Once the most successful technology is identified, we will start developing a series of video games that are targeting specific platfroms, and be of the specific game genre that is prooving to be the best suited for our goals.
Our reseaerch aims to identify most promising technologies for prevenitng delirium in the hospital setting. Followed by the development of proprietery software. We estimate that the whole project will require up to 2 years to implement, followed by the our propriatory video game production time.
VI. LOOK INTO THE FUTURE
As the final goal of our project, we look to connect the Emotiv Epoc EEG set to an HTC Vive VR set. This combination would allow for the bed-ridden patients to move through the virtual reality space solely with their thoughts. "This proof of concept shows the potential of wearable technology in a powerful new way -helping people with serious diseases and mobility issues take back some control of their lives through digital innovation," said Paul Daugherty, Accenture's chief technology officer.
As we move forward we remain conscious of the challenges posed by the early technologies. In this specific case, both the VR sets, as well as the Emotiv Epoc EEG set are quite bulky and may pose some unwanted side effects. Such side effects can be addressed, but never completely eliminated.
It is expected that with time, these technologies will shrink in size, and improve in terms of usability; thus enabling further research in a manner that may not even be possible today. It is with this premise that we engage in the project DREAMS, a responsible and technologically advanced exploration of serious games for health.
